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Background
The most common location of out-of-hospital sudden cardiac arrest is the home, a situation in which emergency medical services are challenged to provide timely care. Consequently, home use of an automated external defibrillator (AED) might offer an opportunity to improve survival for patients at risk.
Methods
We randomly assigned 7001 patients with previous anterior-wall myocardial infarction who were not candidates for an implantable cardioverter-defibrillator to receive one of two responses to sudden cardiac arrest occurring at home: either the control response (calling emergency medical services and performing cardiopulmonary resuscitation [CPR] ) or the use of an AED, followed by calling emergency medical services and performing CPR. The primary outcome was death from any cause.
Results
The median age of the patients was 62 years; 17% were women. The median followup was 37.3 months. Overall, 450 patients died: 228 of 3506 patients (6.5%) in the control group and 222 of 3495 patients (6.4%) in the AED group (hazard ratio, 0.97; 95% confidence interval, 0.81 to 1.17; P=0.77). Mortality did not differ significantly in major prespecified subgroups. Only 160 deaths (35.6%) were considered to be from sudden cardiac arrest from tachyarrhythmia. Of these deaths, 117 occurred at home; 58 at-home events were witnessed. AEDs were used in 32 patients. Of these patients, 14 received an appropriate shock, and 4 survived to hospital discharge. There were no documented inappropriate shocks. S udden cardiac arrest remains an unsolved public health problem, with approximately 166,200 out-of-hospital cardiac arrests occurring annually in the United States. 1 The use of automated external defibrillators (AEDs) by trained lay responders in community-based public-access defibrillation programs has been shown to increase survival after sudden cardiac arrest. However, what effect the use of the device has on overall mortality for the community at risk is unknown. 2-5 Particularly impressive results have been reported when sudden cardiac arrest is witnessed and an AED is immediately available, as on airplanes and in casinos and airports. 6-8 However, the effect of such programs is limited, since about three quarters of sudden cardiac arrests occur in the home, 9,10 where successful resuscitation is typically achieved in only 2% of cases. 11 The combination of ease of use, low cost, and negligible maintenance makes home AED therapy a potentially attractive approach to a major public health problem. The purpose of the Home Automated External Defibrillator Trial (HAT) was to test whether an AED in the home of patients at intermediate risk of sudden cardiac arrest could improve survival.
Me thods
Study Design
Our international, multicenter clinical trial was sponsored by the National Heart, Lung, and Blood Institute (NHLBI). 12 AEDs were provided free of charge by Philips Medical Systems and Laerdal Medical as a subsidiary distributor. Both companies also provided funding for research meetings. The corporate sponsors had no role in the design of the trial, the collection or analysis of the data, the writing of the manuscript, or the decision to publish the results. The trial was approved by the institutional review board at each participating center and was performed with the oversight of an NHLBI-appointed data and safety monitoring board.
Patients
Patients whose medical condition was stable and who had had a previous anterior-wall Q-wave or non-Q-wave myocardial infarction were selected for enrollment because such patients represent a sizable group known to be at increased risk for sudden cardiac arrest. [13] [14] [15] Patients were excluded from the study if they were candidates for implantable cardioverter-defibrillator therapy, according to published guidelines. [16] [17] [18] [19] Contemporary evidence-based drug therapy after myocardial infarction was encouraged for all patients. Patients were required to have a spouse or companion who was willing and able to call for assistance from emergency medical services, perform cardiopulmonary resuscitation (CPR), and use an AED. Patients with an implantable cardioverterdefibrillator, with their own AED, or with a do-notresuscitate order were excluded. Written informed consent was provided by all patients and their spouses or companions.
Group Assignments
Patients who had received conventional training to respond to a cardiac arrest were randomly assigned in equal proportions to receive either an AED for home use or no AED. Randomization was performed with the use of permuted blocks, stratified according to clinical center.
The goal for the control group after sudden cardiac arrest was an immediate telephone request for assistance from emergency medical services and prompt initiation of CPR, in accordance with published guidelines for basic life support. 20 Patients and their spouses or companions in the control group received a video, specifically scripted to educate laypersons on how to call for assistance and perform CPR. 21 The goal in the AED group was to use the AED first, in accordance with published guidelines for AED use. 22 The AED that was selected for this trial, the Home HeartStart (Philips), is the only device that is approved by the Food and Drug Administration for home use. Spouses or companions were instructed to call emergency medical services and perform CPR, as in the control group. However, in the AED group, spouses or companions placed the call for assistance and performed CPR after the application of the AED. If two or more rescuers were present, the call to emergency medical services was to occur simultaneously with the use of the AED. Patients in the AED group received a video that was specifically scripted to educate laypersons on how to use the AED, call for assistance, and perform CPR. 21 Patients and their spouses or companions were advised to keep the AED in a prominent location in the home to facilitate ease of access and regular visual confirmation of the AED's readiness.
In both study groups, video-based training was used to standardize instruction and facilitate refresher training at intervals of 3 months. Investigators were also encouraged to offer hands-on training at enrollment and during annual followup visits. A telephone call between annual visits was used to obtain information on vital status and encourage viewing of the video.
Definition and Adjudication of Outcomes
The primary outcome was death from any cause. Secondary outcomes included death from sudden cardiac arrest, survival from witnessed sudden cardiac arrest in the home, and the outcome after the use of an AED.
All deaths and sudden cardiac arrests were adjudicated with the use of prespecified criteria by a clinical events committee whose members were unaware of study-group assignments. Death was classified as being due to cardiac causes or noncardiac causes according to the most proximate cause. Cardiac arrest was defined as a sudden loss of consciousness requiring CPR or transthoracic defibrillation. Death and cardiac arrest were classified as sudden if they occurred within 1 hour after the onset of major accelerating symptoms; cardiac arrest was classified as witnessed if the patient was seen or heard within 5 minutes before collapse. Resuscitated cardiac arrest was defined as survival for more than 48 hours. In the event of use of an AED, the electrocardiographic data were retrieved whenever possible, and rhythms were categorized as ventricular fibrillation, asystole, or organized rhythm. 23, 24 
Statistical Analysis
The trial was designed to have a power of 90% to detect a 20% reduction in the relative risk of death from any cause, with a target recruitment of 7000 patients during a 2.5-year period and a minimum follow-up of 2 years. 12 We assumed an annual rate of death of 4% in the control group, a crossover rate of less than 2%, and a loss of partner or companion of less than 5%. The anticipated reduction in mortality was based on the assumption that half the number of deaths would be due to sudden cardiac arrest and that the use of an AED would reduce the rate of death from sudden cardiac arrest by 40%, with the expectation that patients would be at home and in the presence of their partners or companions more than 50% of the time.
We performed all major study-group comparisons according to the intention-to-treat principle. All statistical tests were two-tailed. Cumulative event rates were calculated with the use of the Kaplan-Meier method. 25 Event times for all patients were measured from the time of randomization. A log-rank test was used for the comparison of the AED group with the control group with respect to the primary outcome. 26 Hazard ratios with associated confidence intervals were derived with the use of a Cox proportional-hazards model. 27 The Cox model was also used to assess the consistency of the treatment effect by testing for interactions between treatment and prespecified baseline characteristics. The log-rank test and Cox model were also used in the assessment of study-group differences and analyses for secondary outcomes.
Five interim analyses of the data were performed and reviewed by the data and safety monitoring board. Interim comparisons between study groups used two-sided, symmetric O'BrienFleming boundaries that were generated with the alpha-spending-function approach to groupsequential testing. 28,29 R e sult s
Study Population
From January 23, 2003, to October 20, 2005, a total of 7001 patients underwent randomization at 178 clinical sites in seven countries; 3506 patients were assigned to the control group, and 3495 were assigned to the AED group. The patients were enrolled at centers in the United States (29.1%), Canada (27.0%), Australia (20.9%), the United Kingdom (14.6%), New Zealand (8.1%), the Netherlands (0.1%), and Germany (0.1%).
The median age of the patients was 62 years; 17.4% were women, and 12.9% were members of a racial or ethnic minority group (Table 1) . At baseline, all patients had an anterior-wall myocardial infarction; 64.4% had a Q-wave event, and 35.6% had a non-Q-wave event. The median interval between the date of the qualifying myocardial infarction and trial enrollment was 1.7 years.
The designated rescuers were younger than the patients (median age, 58 years) and predominantly female (82.5%); most were married to the patient (87.8%) ( Table 1 ). In 33.3% of households, there were two or more potential rescuers. A total of 42.6% of the patients and 48.8% of the spouses T h e n e w e ng l a n d j o u r na l o f m e dic i n e n engl j med 10.1056/nejmoa0801651 or companions worked either full-time or parttime. The median estimated time that patients were alone at home was 1.5 hours per day; other persons at home with the patient may or may not have included the study rescuer. The patients reported a median estimated time away from home of 4.0 hours. Patients were followed through September 30, 2007. The median duration of follow-up was 37.3 months (range, 20.4 to 55.6). Data regarding vital status, current to within 3 months before study closure, were obtained for 100% of the patients who underwent randomization.
Compliance and Crossovers
In the AED group, 167 patients (4.8%) had a spouse or companion who was unable or unwilling to use the AED during follow-up. The corresponding number in the control group was 132 of 3272 patients (4.0%) for whom follow-up data were available. Crossover to therapy with an implantable cardioverter-defibrillator during follow-up occurred in 145 of 3435 patients in the AED group (4.2%) and in 155 of 3371 patients in the control group (4.6%).
Primary Outcome
A total of 450 patients died. Of these patients, 228 (6.5%) were in the control group, and 222 (6.4%) were in the AED group. As compared with the control group, the AED group had a similar risk of death (hazard ratio, 0.97; 95% confidence interval, 0.81 to 1.17; P=0.77). The mean annual mortality during 4 years of follow-up was 2.1% in the control group and 2.0% in the AED group (Fig. 1) . The primary outcome did not differ among the major prespecified subgroups according to the following factors: age (≥65 years vs. <65 years), sex, Q-wave versus non-Q-wave myocardial infarction, and nationality (United States vs. all other countries) (Fig. 2) . Treatment comparisons within subgroups were consistent with the overall study results, although the difference in treatment effect in patients with diabetes, as compared with those without diabetes, was statistically significant (P = 0.04).
Cause, Mode, and Circumstance of Death
The adjudicated cause and mode of death in each of the study groups are shown in Table 2 . Only 169 of the 450 deaths (37.6%) were deemed to be caused by tachyarrhythmia (i.e., consistent with ventricular fibrillation or ventricular tachycardia). Death was attributed to heart failure or nonarrhythmic cardiac causes in 96 patients (21.3% of deaths) and to noncardiac causes in 170 patients (37.8%). Thirteen deaths (2.9%) could not be classified because of insufficient data. There were Among 7001 patients who had previously survived anterior-wall myocardial infarction, there were 228 deaths in the control group (which was trained in calling emergency medical services and performing cardiopulmonary resuscitation [CPR] ) and 222 deaths in the group that was instructed in the home use of an automatic external defibrillator (AED), followed by calling emergency medical services and performing CPR (hazard ratio for the AED group, 0.97; 95% confidence interval, 0.81 to 1.17; P = 0.77). Vital status was known for 100% of patients within 3 months before the end of the trial. no differences between the control group and the AED group in the adjudicated mechanisms of death for any category. Of the 169 deaths from cardiac tachyarrhythmia, 160 were from sudden cardiac arrest. The initial place of collapse was the home for 117 patients, a public place for 9 patients, a hospital or long-term care facility for 18 patients, and another or an unknown location for 16 patients ( T h e n e w e ng l a n d j o u r na l o f m e dic i n e n engl j med 10.1056/nejmoa0801651
deaths from tachyarrhythmia that occurred at home and were witnessed comprised 12.9% of all deaths and 36.3% of the sudden cardiac deaths from tachyarrhythmia. There were no significant differences between the study groups in the location of the patient at the time of death.
Resuscitated Cardiac Arrest
Thirty-eight patients were resuscitated from sudden cardiac arrest and survived for at least 48 hours (Table 2) . Among 19 resuscitations in the control group, 8 occurred at home, 2 in a public place, 6 in a hospital or chronic care facility, and Public place or work 2 1
Hospital or long-term care facility 6 9
Other or unknown 3 1 3 in another or an unknown location. Among 19 resuscitations in the AED group, 8 occurred at home, 1 in a public place, 9 in a hospital or chronic care facility, and 1 in another location.
Use of an AED
During the trial, a study AED was applied to 32 patients in the AED group; of these patients, 29 were found unresponsive by a spouse, companion, or other household member. Correlative documentation of AED rhythms was available for 21 of 29 unresponsive patients (Fig. 3) . A shock was advised for confirmed ventricular fibrillation in 13 patients and was delivered in 12 of them. Of the 12 patients, 4 were longterm survivors, and another survived to hospital admission but died several days later. No shock was delivered in 1 of the 13 patients with ventricular fibrillation because a household member (not a spouse or companion) accidentally turned off the AED after the shock advisory. (This advisory was a verbal prompt from the AED to press the shock button; the power button was depressed inadvertently instead.) Of the remaining seven patients with ventricular fibrillation who died, AED shocks terminated ventricular fibrillation either to asystole or to a nonshockable rhythm. Monomorphic ventricular tachycardia was not identified in any patient.
A no-shock advisory was confirmed on the AED for eight of the unresponsive patients; of these patients, seven died, with a rhythm documented as asystole in five, complete heart block in one, and sinus tachycardia in one. One of the eight patients had sinus bradycardia and survived.
Of the 29 patients who were unresponsive, 8 did not have correlative AED rhythm information, but clinical information confirmed that an AED shock was delivered in 2 patients, both of whom died. Of the remaining 6 patients, 3 died and 3 had syncope from noncardiac causes and survived.
A no-shock advisory was given in the 3 patients who did not lose consciousness. There were no documented inappropriate shocks. Overall, 4 of the 14 patients with ventricular fibrillation (28.6%) who received an AED shock were longterm survivors.
Good Samaritan Use of AED
Over the course of the trial, the AED was known to have been used in seven persons having sudden cardiac arrest who were not participating in the HAT trial but were neighbors or visitors to the patients' homes. In three such cases, no shock was advised and all three persons died. In four cases, a shock was advised and terminated ventricular fibrillation, with two persons surviving beyond hospital discharge.
Dis cus sion
In the HAT trial, we found that a strategy of placing an AED in the home did not reduce overall mortality in patients with a previous anteriorwall myocardial infarction who did not have an indication for implantation of a cardioverter-defibrillator, as compared with standard response training for cardiac arrest. Several factors may explain this finding. First, the overall mortality and the incidence of sudden cardiac arrest were much lower than predicted from historical data. [13] [14] [15] This factor is probably a reflection of the efficacy and high level of use of modern drug therapy and the high rate of previous revascularization (72.2%) in the trial patients. As a result of these factors, the trial had substantially less power than initially projected. These effects were so profound that even a doubling in the population size would not have been sufficient to show an overall mortality benefit with home AED therapy. Remarkably, the enrolled patients were as likely to die from noncardiac causes (37.8% of deaths) as from sudden cardiac arrest from tachyarrhythmia (35.6%), with an annual risk of sudden cardiac arrest of less than 1% per year.
The training of the patients and their spouses or companions may have been an additional factor limiting the likelihood of a demonstrable benefit. All participants in the control group received resuscitation training, with frequent reminders; such education is not reflective of real-world instruction after myocardial infarction. At the same time, less than half the patients with sudden cardiac arrest at home had a witnessed event, and not all of them had the AED applied. This latter finding is particularly disconcerting, given the effort to inform partners or companions of the significance of AED use. Although the reasons for failure to deploy the AED are unclear, it is possible that a more aggressive AED reminder and retraining program might be required to ensure that lay rescuers would use the AED in a highly stressful situation. Such a program, how- ever, would exceed the practical limits of a public health study, both in terms of personnel time and cost. Furthermore, to contend with events occurring when the patient is asleep or alone, it is conceivable that some form of a home automated alert system might be of value, but no such system is currently available. 30 The successful delivery of a defibrillating shock in 14 patients and in 4 neighbors resulted in long-term survival for 6 (33%). This confirms that the use of an AED in the home or environs on loved ones or neighbors by lay users with minimal training is feasible, terminates ventricular fibrillation, and appears to carry no risk of inappropriate shock. The observed overall survival after sudden cardiac arrest in the home of 12.0% (18.3% for witnessed events) was significantly better than the figure of 2% that has previously been reported in the general population at home 11 and better than the 6% performance provided by emergency medical services in general. 31 However, the low event rate and the neutral outcome with respect to death from any cause suggest that the placement of AEDs in homes would be an inefficient strategy in public health terms, despite the value to patients who are fortunate enough to have the event witnessed and the AED applied.
It is important to recognize that our trial results may not apply to the use of AEDs in higherrisk populations. Candidates for implantation of a cardioverter-defibrillator were excluded from our trial, although physicians' judgment and a variety of practice patterns in the enrolling countries resulted in the inclusion of some patients who might otherwise have satisfied criteria for use of an implantable cardioverter-defibrillator in the Sudden Cardiac Death in Heart Failure trial or the Multicenter Automatic Defibrillator Implantation Trial II (Table 1) . [16] [17] [18] [19] It is nonetheless possible that a population with a higher event rate and a greater proportion of sudden deaths from tachyarrhythmia might benefit from access to a home AED.
Although the performance of AEDs in this trial may seem at odds with that reported for public-access defibrillation, one must remember that the denominator of patients in our trial was precisely defined, whereas that for public-access defibrillation was not clear. For example, the annual passenger volume in Chicago's O'Hare airport now exceeds 76 million, and this massive cohort is exposed to AEDs placed throughout the airport at a distance of 1 minute's walk apart. 8 No clinical trial of the use of AEDs could assemble a denominator representing even 1% of that volume. Furthermore, in a public venue, there is the opportunity to use an AED in treating any one of many persons at risk. This factor contrasts with the home AED strategy, in which there is the opportunity to treat only those in the immediate household or environs.
The survival of some patients with sudden cardiac arrest who were treated early with AEDs in public settings is generally taken as proof of concept that the therapy is effective, since sudden cardiac arrest is known to have a rate of death approaching 100% with conventional resuscitation methods. However, such uses of AEDs are not an efficient attack on the public health problem of sudden cardiac arrest in moderaterisk populations, since most at-risk patients do not spend a sufficient portion of each day in public locations.
In conclusion, our trial evaluated the benefit of the availability of AEDs in the homes of patients with a previous anterior-wall myocardial infarction who were not otherwise candidates for implantation of a cardioverter-defibrillator. There was no significant reduction in death from any cause with a home AED. The very low event rate, Of the 32 patients for whom an AED was applied, 29 were unresponsive. Of these patients, 13 were documented to be in ventricular fibrillation by review of the AED electrogram, and a shock was advised by the AED in each case. Two patients who were found in cardiac arrest had a shock advisory, apparently for ventricular fibrillation, although no recordings were available for review. Shocks terminated ventricular fibrillation in all 12 patients for whom an AED shock was given. (One rescuer who was not a spouse or companion accidentally turned off the device.) Of 14 patients for whom an AED shock was advised and delivered, 4 (28.6%) survived long term. Of 17 patients who had a no-shock advisory, 14 were unresponsive: 7 died from cardiac arrest, 2 died from heart failure, 1 died from a noncardiac cause, and 4 had syncope and survived. Three patients never lost consciousness, and either they applied the pads to themselves or a spouse applied them. In patients for whom data regarding the AED were unavailable, the AED status was determined by data forms and event narratives from site personnel. EMS denotes emergency medical services. the high proportion of unwitnessed events, and the underuse of AEDs in emergencies, rather than a lack of device efficacy, appear to explain these results.
